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NATIONATL. ADVISORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORANDUM

PRELIMINARY INVESTIGATION OF A VARTABLE-AREA
AUXTITARY ATR-INTAKE SYSTEM AT o
‘MACH NUMBERS FROM 0 TO 1.3

By Richard Scherrer, John F. Stroud,
and John T. Swift

SUMMARY

A varisble-area auxiliary air scoop in combingstion with a fixed-
aresa nose intake was tested at Mach numbers from O to 1.3. The purpose
of the investigatlion was to evaluate the effectiveness of such an _
auxiltiary inteke in improving the net thrust of an intake-engine com~-
bination over & range of speeds. The results indicated that the internal
flow was always stable and that improvements in net thrust would be
realized at Mach numbers up to about 1.1 for an intske design Mach
number of 1.3. '

INTRODUCTION

The optimum inlet area of air intakes for most turbojet engines
varies with flight Mach number and altitude. Although it is possible
to operate an airplane or engine without varying inlet area, such opera-
tion ususlly incurs large thrust losses which limit operationsl flexibil-
ity and performance. Previous investigations of alr intakes designed
for Mach numbers near 2.0 have shown that variable inlet-area systems
will minimize the thrust losses of intake-engine combinations when
operating at off-design conditions, and several varisble-area designs
have been proposed. (See refs. 1 to 5.) Since it is likely that
engines with fixed-area intakes designed for transonic speeds will also
suffer losses In thrust at off-design conditions, calculetions were made
to determine the magnitudes of these losses. The methods of reference 6
were used in the calculations. An engine with asir-flow characteristics
similar to those of the J57-P-1 operating at normal-rated conditions,
inlets of the normal-shock type, and e maximum flight Mach number and
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sltitude for the engine operating condition were selected. It was also T
assumed that the difference between the cowl-suction force and the

additive drag is that given by Fraenkel (ref. 7) and that the subsonic

diffusion was isentropic. The results of the calculations, in terms of ¥
(1) percent thrust loss due to off-design operation and (25 percent

increase In inlet ares that would provide the additional air for optimum

engine operation, are shown in the followlng table:

Percent thrust loss] Percent lncrease in inlet
In;:t; gggfgn Mzi;gﬁg- due to off-design area to maintain zero
* *| intake operation thrust loss

1.3 1.3 0 0
1.1 9 5

.9 18 13

T 28 30

0.9 1.3 5 -
1.1 i -

9 0 -

o7 8 -

lpesign altitude = 35,000 feet : -

For a design Mach npumber of 1.3, the intake would operate supercritically
(at the maximum mess-flow ratios at all lower Mach numbers, resulting in
thrust losses due to low pressure recovery. For a design Mach number

of 0.9, the intake would operate subecritically (at less than maximum
masgs-flow ratio) at the higher Mach numbers, resutting in thrust losses
due to additive drag. At 0.7 Mach number, the intake designed for 0.9
Mach number would operate supercriticelly and the thrust loss would be
due to low pressure recovery. Since the margin of excess thrust is
generally the least in the transonic speed range, thrust losses such as
those indicated in the table are undesirable. The effect of altitude

weas 8lso considered in the calculations end 1t was found that for fixed
inlet areas the thrust losses due to off-design eltitudes could be as
great as those due to off-design Mach numbers. Thus, I1n the transonic-
speed range, & need exists for a varigble-area intake for use with turbo-
Jet engines haeving air-flow characteristics similar to those of the
J57-P-1. ' ' o

A study was made of several variable-area intakes that could be
used at transonic speeds to determine the most suitable type. It was
found that a variable-area suxiliasry intake, in combination with a
fixed-area main intake, was more compact and therefore probably lighter -
in weight and lese complex than any of the variable main-inteke systems
considered. As a result, an auxillary air-intake system was selected
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for investigation. The purpose of the investigation was to determine
the performance of & scoop-type variable-area auxiliary inlet at sub-
sonic and transonic speeds. The pressure recovery and mass-flow ratio
of the internal flow were measured, but no drag measurements were made
because the additional complication of the test apparatus was not
believed to be justified for a preliminary investigation. The results
of the tests and an eveluation of the data in terms of a thrust ratio
are gilven in this report.

NOTATION

A cross-sectional area, sq ft

Apg outlet area of auxiliary intake at statlion 2, sq £t
(See fig. 1.)

Cp - effective thrust ratio, —————, dimensionless

d . distance from bottom of basic duct, in.
Dpre drag, (PW‘PQ)[(A1+A1a)"A0T]’ 1b

(See ref. T.)
W auxiliary-inlet-fiap width, in.

Fy internal thrust, 1b
(See ref. 6.)

Figen 1nternal thrust based on 100-percent pressure recovery, lb
H total pressure, 1b/sq ft, absolute

b one-half of duct height in vertical plane, in.

M Mach number, dimensionless

mn mass-flow rate, pVA, slugs/sec

mg mass-flow rate based on inlet area, p Vohi, slugs/sec

4] static pressure, 1b/sq £, absolute

r local internal-duct radius, in.

| jauaieriis
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chord of arc described by apex of auxiliary inlet flap, in.

velocity, ft/sec
station downstream of main-duct entrance, in.
one-half of duet width in horizontal plane, in,

angle of attack, deg

angle hetween main~duct horlzontal center plane and center

plane of inmer suxlliary-inlet flap, deg

angle between main-duct horizontal center plane and center

plane of outer auxiliary-inlet flap, deg

mess density, slugs/cu £t
Subscripts

auxlliary

bottom

conditione Jjust downstream of normal shock wave
reference

top

total

free streanm

main-inlet-entrance station
suxiliary-inlet-entrance station

outlet station of auxiliary duct

diffuser-exit and survey-rake station
upstream mass-flow-measurement station..

downstream mass-flow-mggsurement station

maximum theoretical value

NG
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APPARATUS AWD TESTS

Wind Tunnel -

The tests were conducted in the Ames 2- by 2-foot transonic wind
tunnmel. This wind tunnel is of the closed-circuit, variable-density
type and utilizes & perforated test section to allow continuous opera-
tion from subsonic to supersonic Mach numbers. A centrifugal compressor
in the wind-tunnel auxilisry equipment was used to induce the air flow
through the model.

Model

The model tested in the present investigation is shown in figures 1
and 2. Both the nose and asuxillary inlets are of the normal-shock type.
The auxilisry inlet consists of two flaps which span the main duet as
shown in figure 1, and was designed to satisfy the following relation

at each flap position:
< - ) = <Ala>
Ap - Apg Aog,

The maximm opening occurred when these ratios were unity. The varia-
tion of internal cross-sectional area of the duct with axial distance
is shown in figure 3. The dashed lines in the figure represent the
longitudinal distribution of area remasining in the main duct for the
various auxilisry-inlet openings that were tested.

Tests and Instrumentation

Average total-pressure recovery, mass-flow ratio, and diffuser
total-pressure profiles in one plane were measured in the model at Mach
numbers of 0, 0.20, 0.77, 0.95, 1.13, and 1.30 at 0° and 4° angle of
attack. The 68-percent auxiliary-inlet opening, however, was not tested
at Mach numbers gbove 0.20. - :

The total-pressure recovery and mass-flow ratios were determined
from static-pressure measurements made at two adjacent stations of 4if-
ferent cross-sectional areas in the duct (stations 4 end 5 in fig. 1).
The accuracy of the method of mass-flow and pressure recovery measure-
ment is dependent upon the local Mach mumber at station 5, the area
ratio of the contraction, the individual accuracles of the static
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pressure meagurements, and the assumption of isentropic flow between

the measurement stations. Consideration of these factors in the present
experiments indicates maximum probable errors of +0.01 and +0.02 for the
pregsure-recovery snd mass-flow ratlos, respectively.

RESULTS AND DISCUSSION

The test datm are presented in the order of increasing Mach number
in figures 4 to 13. The data are given in plots of total~pressure
recovery as a function of mass-flow ratio (figs. 4, 6, 8, 10, 12, and 13)
and as total-pressure profiles across the duct at station 3 (figs. 55 T»
9, and 11). 'The internal flow was stable at all test conditions and
the effect of angle of attack (4°) was generally within the experimental
gccuracy and has not been shown In the figures.

The mags-flow data at zero Mach number (fig. L) are given in percent
of the theoretical value for choked flow with uniform velocity at the
inlet station. It is interesting that the data for this test condition
are correlated by the parameter mq/mqy, thus indicating that the losses
in the main and auxiliary intakes are about equal,

The total-pressure recovery at & Mach number of O.77 (fig. 8) is
maintained gbove & value of 0.95 at high mass-flow ratios with the
2h-percent auxiliary-inlet opening. Smeller auxiliary-inlet openings,
however, decreased the total-pressure recovery at mass-flow ratios
representing equal percentages of the theoretical meximum mass-flow
ratios. This decrease 1s believed to be due to the increasing percentage
of body boundary layer in the auxiliary-intake mass flow., This effect
could be reduced by using an auxiliary intake of smaller width-to-helght
ratio, thus reducing the percentage of boundary layer for a given percent
opening.

The pressure recovery for all suxiliasry-inteke openings at Mach
numbers of 0.95 (fig. 10) and ebove, at mass-flow ratlos representing
equal percentages of the theoretical maximum mess-flow ratios, is less
then that with the suxiliary intake closed. The meximm mass-flow
ratios were less than the theoretical velues at all Mach numbers.
Although the body boundary layer is probably the major factor in limiting
the pressure recovery and mass flow for the small inlet openings, the
losses for the 2k-percent opening cannot be attributed entirely to the
boundary layer. It seems reasonable that the steep lnternal-surface
slope of the external flap of the auxiliary intake at the larger openings
would result in a detached normal shock wave at transonic speeds. This
could cause reductions in both meximum pressure recovery and mass-flow
ragtic. Such an effect could be reduced by deslgning auxiliary Intakes
with the lips more nearly a
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Evaluation of the Inteke System for & Design Mach Number of 1.3

The effective thrust ratio (Cp) of the intake system tested was
obtained by determining the englne net thrust by the method of refer-
ence 6, essuming the same englne operating conditlors as were mentioned
in the Introduction, and by assuming that the difference between the
additive drag and the thrust component of the cowl-pressure force is
that given by Fraenkel (ref. T). -The externsl drag of the intakes near
the maximm mass-flow ratios was assumed to be constant and small, and
therefore was not considered in the evaluation. This latter assumption
is believed to be Jjustified becmuse the external-surface slopes of the
auxiliary intake are small (2° to 4°) and at the design points of
interest the mass~flow ratios of both intekes are near unity. The
effective~thrust ratio was computed from the test data for & design
altitude of 35,000 feet and is given as a function of Mach number in
figure 14. Values of the ratio for the main intake only, when it is
assumed to have varisble inlet area, are &lso shown in figure 14 for
comparison purposes. The results indicate that the auxiliary intake
tested will provide increases in the effective-thrust ratio up to a
Mach number of about 1.1 for an intake design Mach number of 1.3.

CORCLUDING REMARKS

Variable, scoop-type, auxiliary-air intskes can provide improrve-
ments 1n net thrust of an intake-engine system ifa the additional externald
drag is small. Improvements in the performance of auxiliary intakes at
supersonic speeds can probably be obtalned by minimizing the boundsry-
layer effect for small openings and by more nearly alining the lips of
the asuxiliary intake with the. local stream lines.

Ames Aeronsutieal ILsaborstory
National Advisory Committee for Aeronsutics
Moffett Field, Calif.
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